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Abstract: Congestion related to cardiac pressure and/or volume overload plays a central role in
the pathophysiology, presentation, and prognosis of heart failure (HF). Most HF exacerbations
are related to a progressive rise in cardiac filling pressures that precipitate pulmonary congestion
and symptomatic decompensation. Furthermore, persistent symptoms and signs of congestion at
discharge or among outpatients are strong predictors of an adverse outcome. Pulmonary congestion
is also one of the most important diagnostic and therapeutic targets in chronic heart failure. The
aim of this review is to analyze the importance of clinical, instrumental, and biochemical evaluation
of congestion in HF by describing old and new tools. Lung ultrasonography (LUS) is an emerging
method to assess pulmonary congestion. Accordingly, we describe the additive prognostic role
of chest ultrasound with respect to traditional clinical and X-ray assessment in acute and chronic
HF setting.
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1. Introduction

Congestion occurrence is the primary cause of acute HF (AHF) decompensation, and
it is considered the main cause of hospitalization [1]. The clinical assessment evaluating
peripheral and central signs of congestion is not accurate enough, and all clinical congestion
scores proposed have demonstrated modest accuracy [2,3]. The real challenge is to render
an early diagnosis of pulmonary congestion before symptom deterioration in order to
reduce the hospitalizations. Traditionally, the most used tools behind clinical evaluation
are chest radiography (CRx) and natriuretic peptides (NPs) measurement. However, both
methods are poorly available to the general medical practitioner at a patient’s home, and
they need access to a laboratory or specific clinical wards. Conversely, chest lung ultrasound
(LUS) can be performed using a simple echograph with either linear or convex probe, and
it does not require a specific skill. B-line counts represent a simple and reliable method to
assess pulmonary congestion and to evaluate effective water retention in the lung. A B-line
artefact is defined as a laser-like hyperechogenic reverberation arising from the pleural
line up to the screen bottom, moving vertically and in synchrony with lung sliding in a
way that is similar to that of a comet [4]. Although the screening is relatively simple, there
are different methods and approaches to counting the whole number of comets. Some
studies used a detailed methodology evaluating 14 different zones for each hemithorax.
Other simpler approaches comprise eight- or four-spaces techniques for each chest side [4].
Currently, there is not a gold standard; the examination is usually performed alongside
a traditional echocardiographic exam, and the examination depends on the physician’s
or ultrasound technician’s experience and amount of time allocated to spend with each
patient. Overall, lung ultrasonography is an emerging tool for evaluating congestion in
acute and chronic settings, one that could change the current traditional assessment.
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2. Clinical Examination

Physical examination is the first step for the detection of congestion and severity.
The search for signs and symptoms, such as jugular vein distention, pulmonary crackles,
hepatomegaly, dyspnea at rest, presence of peripheral edema, and additional cardiac
sound can reveal the presence of central and systemic congestion. Clinical evaluation is
important in the identification of pulmonary congestion, but the specificity and sometimes
the sensitivity of the signs and symptoms of pulmonary congestion are often scarce [5].
Dyspnea is the principal symptom that can predict the presence of congestion, but it is
common among cardiac, respiratory, and systemic diseases. Indeed, its sensitivity and
specificity are very low (66% and 52%, respectively). Peripheral edema is a common
consequence of hypoproteinemia: malabsorption and hepatic and renal disorders may
configure a similar picture due to low albumin levels and oncotic pressure decrease. Some
drugs such as dyidropiridine, a calcium channel blocker, or alpha blockers can lead to a
bilateral leg edema. Auscultation of rales or crackles may indicate interstitial pulmonary
edema, but it is not present during early phases of decompensation and during chronic
pulmonary venous congestion. Therefore, other pulmonary diseases such as interstitial
fibrosis or pneumonia may include these signs. Crackles could be found in other pulmonary
conditions such as chronic bronchitis, asthma, and emphysema, which can affect lungs
at the same time [6]. According to previous studies, combining and grading together all
signs and symptoms in a Congestion Score algorithm allows a notable improvement of
the diagnostic process. Even though clinical symptoms and signs are late manifestations
of congestion, clinical examination is a good approach for predicting 6-month event-
free survival in patients with acute decompensation [7-9]. Among patients developing
acute decompensated HF, pulmonary congestion (characterized by interstitial and alveolar
edema) precedes clinical symptoms and manifestations of congestion. While clinical
congestion may be quickly resolved with treatment, pulmonary congestion may persist
for longer, and its resolution during hospitalization may be delayed or incomplete despite
aggressive diuretics. Furthermore, decompensation could be clinically silent in some
patients with chronic heart failure (CHF), and it could remain unrecognized until the
occurrence of relevant symptoms requires hospitalization [10]. For these reasons, a more
accurate evaluation through the combination of different imaging methods appears the
most reliable solution (Figure 1).
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BNP
NTproBNP

Figure 1. Traditional diagnostic screening for congestion detection in HF: current criteria are based
on signs and symptoms, NPs measurement, and chest radiography:.
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3. Chest Radiography

Chest radiography (CRx) is a fast and inexpensive method performed especially in
the Emergency Department (ED) as a first-line diagnostic imaging modality in patients
with acute dyspnea [11-13]. However, its diagnostic accuracy for HF has been reported
to be relatively low [14,15]. In particular, diagnosing HF in patients with concomitant
lung diseases, such as chronic obstructive pulmonary disease (COPD) and pneumonia,
still remains challenging. Moreover, the radiographic resolution of the images in some
population, such as patients with obesity or bedridden elderly, is significantly reduced.
The role of CRx changes in relation to clinical presentation and timing: in a patient with
de novo HF, its accuracy remains high, whereas in those with repetitive episodes and
recurrence of CHEF, in which a chronic pulmonary vein hypertension has occurred, the
diagnostic power is less accurate. Similarly, in AHF and CHF, the diagnostic value is
debated. Killip’s classification is one of the most used modalities to assess heart failure
severity in symptomatic patients, and it is used as prognostic scale. CRx allows evaluation
of only the most severe Killip classes (IIL, IV, rarely also II). This demonstrates that the
isolated approach with CRx in patients with AHF is useful for the evaluation of the most
advanced stages, but it does not recognize the earliest classes, resulting in a delayed
diagnosis and possible mistreatment. Although it is useful for detecting pulmonary edema,
the absence of other radiological evidence in chronic outpatients does not exclude elevated
filling pressure [16]. A serial assessment of a large population admitted in the ED with
dyspnea was conducted, and 18% had a negative CRx, while approximately 1 of every
5 subjects with AHF did not demonstrate signs of chest congestion [17]. Therefore, serial CRxs
are not recommended in the assessment of pulmonary congestion in CHE Further limitations
of CRx are exposure to radiation, operator-dependent quality, interobserver [18,19] variability,
and the detection of only the most extreme extravascular pulmonary water variations [18-20].
For these reasons, supplementary laboratory and diagnostic tests may be warranted.

4. Natriuretic Peptides

B-type natriuretic peptide (BNP) was initially described by Japanese researchers in
1988. An early study, published in 1994, showed that this biomarker could help distinguish
between cardiac and non-cardiac causes of dyspnea. Since the initial studies showing the
usefulness of NPs for HF diagnosis, a vast number of other clinical applications for these
neurohormones have emerged. NPs are now being used in outpatient heart failure clinics,
for screening programs, and for risk-prediction algorithms in various settings. Over last
10 years, NPs measurement significantly increased diagnostic sensitivity, and it reduced
the diagnostic time process in patients with dyspnea [21]. For these reasons, American and
European guidelines introduced these biomarkers into the diagnostic algorithm of patients
presenting with AHF. Because of their diagnostic and prognostic power, NPs assays are
now also used in chronic setting to evaluate disease status, congestion degree, and response
to therapy [22].

These hormones have a very high negative predictive value that allows dyspnea of
cardiogenic origin to be ruled out when values are in the normal range. In particular, their
contribution is important in the assessment of new-onset heart failure [23]. NPs are not
only important for the diagnostic accuracy of HE, but they also provide relevant prognostic
information. An elevated cutoff value of NPs at discharge is one of the best mortality
predictors. In hospitalized patients, a reduction in NT-proBNP from treatment entry to
discharge of less than 30% has been related to an increased probability of rehospitalization
and death [24]. Serial BNP measurement was also demonstrated to be an important marker
for risk stratification in patients with CHF [25]. Elevated levels are associated with a
higher incidence of recurrent episodes of heart failure or sudden death [26]. Plasma NPs
values range according to the type of HF and the presence of associated diseases: among
patients with similar NYHA class, hormones are reduced in patients with heart failure and
preserved ejection fraction (HFpEF) compared with those with heart failure and reduced
ejection fraction (HFrEF), but they remain still higher than in controls [27].
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NPs elevations are closely related to high cardiac filling pressure values, parietal stress,
and distension, which are the most important triggers for hormone release. Throughton
et al. [28] evaluated the changes in serum levels of NPs in stable patients with ventricular
systolic dysfunction in relation to some echocardiographic parameters including the degree
of diastolic dysfunction, the degree of right ventricular dysfunction, and the severity of
mitral regurgitation. BNP values were closely correlated with some indices of diastolic
dysfunction, such as deceleration time (DT), E/¢’, and the velocity of the transmitral flow—
all the parameters that reflect an increase in filling pressures. Serum levels of NPs increased
significantly in accordance with the degree of diastolic dysfunction. Furthermore, the
increase in NPs is closely correlated with systolic dysfunction, left ventricle filling pressure
pulmonary, hypertension, and right ventricular dysfunction [29,30]. The importance of
NPs in the detection of pulmonary congestion must be emphasized, particularly in the
forms in which the clinical signs of congestion are scarcely recognizable. Several studies
showed that enrolled patients with either AHF or CHF had NPs values at admission,
despite the symptoms’ absence and negative clinical assessment. Therefore, numerous
studies have focused their attention on the correlation between NPs and echocardiography
in pulmonary congestion recognition [28,31,32].

Although these blood tests have a very high sensitivity, their specificity remains
relatively low. In fact, several features may influence baseline levels: chronic kidney disease,
atrial fibrillation, and ischemic heart disease tend to increase the value, whereas other
conditions such as obesity and HFpEF showed lower levels. In patients with acute renal
failure, NPs levels may be increased independently of the presence of cardiac dysfunction;
therefore, diagnosing CHF in this population should rely on more standard criteria. Despite
these findings, NT-proBNP has recently been demonstrated to be useful both in diagnosing
and excluding CHF across a wide spectrum of renal function, but higher cutoff points may
be applied [33].

5. Emerging Role of Chest Ultrasound in HF Diagnosis

Lung ultrasonography (LUS) is a quantitative, simple, economic, and rapid method
to assess pulmonary congestion [4]. This diagnostic tool is widely available, particularly
in acute settings, while in outpatient primary care it is less practicable due to the limited
experience of general doctors and the lack of ultrasounds machines’ distribution. Therefore,
LUS requires some experience in an accredited echo lab. The association of this tool with
clinical and NPs evaluation has greatly increased the diagnostic accuracy of heart failure.
LUS consists of the measurement of discrete laser-like vertical hyperechoic reverberation
artifacts arising from the pleural line, extending to the bottom of the screen without fading,
and moving synchronously with lung sliding [4]. These artifacts are defined as “B-lines” by
scanning along the intercostal spaces using either a phased array or curvilinear transducer.

After critical analysis of previous studies, we can discern between two different
methods quantifying B-lines: a score approach and a count-based method. The former
method considers a minimum number of B-lines for each space as a “positive” zone
(typically at least three B-lines) and then adds up the number of positive zones [34,35]. The
latter method consists of counting B-lines in each zone and summarizing all B-lines for
each lung [36,37]; when comets are confluent between two different zones, their number
can be estimated from the percentage of space they occupy on the screen below the pleural
line, divided by 10 (i.e., if about 70% of the screen below the pleural line is occupied by
B-lines, it would conventionally count as 7 B-lines, up to a maximum of 10 per zone) [38].

The subdivisions of the chest into 8 zones and 28 sub-zones permits the best quantifi-
cation of B-line count. The eight zones of interest are the anterior and lateral hemi-thoraxes,
scanning along the parasternal, midclavicular, anterior axillary, and medium axillary line
from the second to the fifth intercostal space on the right hemithorax, and from the second
to the fourth intercostal space on the left hemithorax. Each of the mentioned areas are in
turn subdivided into four further zones. The subspaces belonging to the fifth left intercostal
space are excluded from the count [4].
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Nevertheless, the role of congestion in diagnosis of HF has been emerging over last
10 years. Different approaches in different populations and settings and the analysis of
patients with various clinical characteristics and different congestion status has led to
diversity in terms of cutoffs and scan procedures. The first pioneering study analyzing
the additive diagnostic role of chest ultrasound in ambulatory outpatients reported a
significant correlation among B-line congestion scores and NPs levels. Therefore, a B-line
cutoff >15 was described as a reliable threshold for pulmonary congestion. That report
was the first to demonstrate that LUS assessment was a simple and relatively accurate
method to assess decompensation [39]. Other studies demonstrated that a total amount of
<5 B-lines was defined as a normal echographic chest pattern, as it has been reported that
healthy patients may have a small number of comets, especially confined laterally to the
last intercostal spaces above the diaphragm [40]. Despite these findings, another study of
195 ambulatory patients comparing LUS with clinical congestion evaluation found that a
number of >3 B-lines was associated with increased risk of hospitalization or death [37].
Therefore 80% of patients in higher LUS terciles did not show any signs of congestion
during clinical examination, and only 19% had crackles at auscultation [37]. Current
discrepancies confirm that there are not uniform criteria and that better standardization
appears desirable in order to provide a consistent message to clinicians.

Since the diagnostic role and exact threshold in outpatients is debated, LUS assessment
in acute care settings is probably much more accurate. Indeed, Coiro et al. describe
sixty consecutive acute care patients who underwent clinical echocardiographic and LUS
examinations, in which B-lines >30 was associated with improved diagnostic accuracy and
predicted a combined end point during 3-month follow-up [41].

In a direct comparison between AHF with either reduced or with preserved ejection
fraction, we found a similar number of B-lines in both HF subtypes; although it was
slightly higher in those with reduced ejection fraction, the correlation with the other echo
parameters of congestion remained similar. Therefore, a cutoff value >32 was predictive of
poor outcome. Pellicori et al. showed that a cutoff value of >3 B-lines in at least two zones
per hemithorax (of six to eight evaluated zones in total) had substantial sensitivity (94-97%)
and specificity (96-97%) in patients with AHF—higher than in physical examination, CRx,
and NT-proBNP) (sensitivity 85%, specificity 89-90%) [42]. Finally, the last meta-analysis
comparing LUS with CRx suggests that B-line counts are more sensitive than radiography
in detecting pulmonary edema and that it should be included as an additional modality in
patients presenting with acute dyspnea [14].

The role of B-lines in guiding therapy is another interesting field because in theory
the serial LUS examination during hospitalization could help in treatment tailoring and
congestion grading before discharge. The simple difference between B-line counts at ad-
mission and before discharge could guide physicians in therapy optimization. Similarly, in
a study conducted by Cortellaro et al., LUS analysis was applied for assessing the effective
determination of pulmonary congestion and diuretic response after diuretic therapy during
the first 24 h after admission. Significant B-line differences between admission and ongoing
treatment was associated with good diuretic response and relevant decongestion [43]. As
reported in Platz et al., studying the evaluation of the B-lines at 3 h from admission and
from the beginning of therapy showed an improvement in pulmonary congestion, intended
as a reduction of the B-lines, and this fact provides a real-time approach to therapy, allowing
a better titration of therapy that is based on the type of patient and the severity of the acute
congestion. Although in this study a cutoff of 3 h was considered, as far as we know from
previous studies, there is no exact cutoff time to evaluate the effect of therapy [44]. The
ability to perform a rapid evaluation and to compare the first findings with a subsequent
scan is one of the main practical advantages of LUS detection in HF (Table 1) [35,38,42—-44].
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Table 1. Diagnostic accuracy of different LUS analyses in pulmonary congestion evaluations compared with clinical congestion evaluation NPs measurements and relationship with

echocardiographic parameters.

AHF
Author of the . . ] ] o NT-proBNP/ Eco parameters
it N. patients B-lines number/score Congestion signs, 1 (%) BNP (pg/mL) admission Accuracy
Assessed on 8 and 28 chest .. )
zones. Method: score and I\]/E(/Zh;li.aﬁ;eltler:ingqi)' Outcome: composite: 3-month
Coiro et al. 60 count. Score > 3 zone: Crackles: 18 (30%); BNIP: 575 (228.5-1147) 19.71 + 5.16: ' HF hospitalization or death.
(2015) [41] positive zones. Leg edema: 11 (18%) ’ ’ TAPSE (r;nm)~ 17' > (’) 138 >30 B-lines (HR 5.66, 95% C1
Count: sum of B-lines in all o/ AP o) - 1.74-18.39, p = 0.04)
Zones > 30 EF (%): 37.5% £ 15
Outcome: composite HF
Assessed on 28 chest zones. Pseudonormal pattern hospitalization or death (mean
Method: score and count. 11%: P follow-up 159 days).
Gargani et al. 100 Score: mild: 6-15 B—l.mes; Not assessed NT-proBNP: 5291 + 5877 Restrictive pattern 23%; >15 B-lines- riadmlssmn foor HE.
(2015) [40] moderate: 16-30 B-lines; PAPs (mmHg): 49 + 15; Sens: 100% spec: 64.8%.
severe: > 30 B-lines. Count: TAPSE (mm)g 1 6544 7’ >20 B-lines- readmission for HE.
sum of B-lines in all zones T ’ Sens: 100% spec: 74.7%
NPV: 100%
Outcome: composite 100-day
Assessed on 8 and 28 chest HF hospitalization or all-cause
zones. Method: Score (8 zones) death
Count (28 zones). Peripheral edema, Correlation beMeen the
i - >3 B . . . / o
Cogliati et al. 149 SC?I:e. >3 B-lines per zone: JVT (jugular vein NT-proBNP: 2407 + 1400 E/E' > 15. 41.6% pz (49) A ———p———
(2016) [45] positive zone. Count: sum of turgescence) and TAPSE (mm): 16.5 B e EIRERI GV 05 0
B-lines in all zones. pulmonary crackles. 134 p= O 00’5) '
Count: total’B—hnes >15 increase of 24% the risk of
Total B-lines > 30 outcome
Assessed on 11 chest zones. After therapy: Mean B-score significantly
Method: Score. Dyspnea, orthopnea IVC diameter (cm): decreased at T3 (from 1.59 +
Cortellaro et al. <3 B-lines in a zone (0 points); / ¢ ) 1.9+05 0.40 to 0.73 + 0.44, p < 0.001)
(2016) [43] 41 >3 B-lines in >1 zone (1 Par‘g‘yssnr‘zgnfge‘;rnal NTproBNP: 5867 + 6112 1) pop (mm) 200 £35  and between T3 and T 24 (from
point); multiple/confluent yspnea, PAPs (mmHg) 37.2 + 9.8 0.73 - 0.44 to 0.38 + 0.33,
B-lines (2 points) E/E': 148 £5.2 p <0.001).
Crackles: 140 (86%)
Palazzuoli et al. 16 BT He%i‘}tl";‘seg_ag (2610(/3)5 %) BNP HFrEF: 1164 + 420 E/e:16 +4 Sens: 70%; spec: 81%;
" ) ? BNP HfpEF: 889 + 130 TAPSE (mm) 20 + 4 accuracy: 76%

(2018) [46]

JVD: 68 (42%)
Leg edema: 102 (63%)
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Table 1. Cont.

CHF
NT-proBNP/ Eco parameters Accuracy

Author of the . . . . o
N. patients B-lines number/score Congestion signs, 1 (%) BNP (pg/mL) admission

study
Combining NT-proBNP > 1000
pg/mL and/or E/e’ > 15:
yielded a C-statistic of 0.89 for

Miglioranza et al. Score > 3 zone: positive zone CCS > 2: 44 (66.7%) : E/e’: 23 + 16; LUS
g(2013) [39] 97 > 15p s3-s4: 7 (7%) NT-proBNP: 3070 + 3100 PAPm: 39.1 & 10.9; spec: 83.3%; sens: 84.9%;
AUC delta: 0.194, 95% CI 0.147,
0.315; p = 0.001 primary
outcome
Asses?ed on 8 chest ZONES. . o Outcome: composite: 6-month
Platz et al. (2016) Method: count. Sum of B-lines Crackles: 35 (} 9%) NT-proBNP: 5086 o HF hospitalization or all-cause
185 in all zones JVD: 68 (37%) EF <or > 45% .
[37] Score > 3 zone: positive zone Leg edema: 65 (35%) (3023-9248) mortality. AUC delta: 0.132, 95%
- S 1'5 ’ CI0.078, 0.213; p < 0.001)
Outcome: composite 6-month
HF hospitalization or all-cause
mortality.
Assessed on 5 chest zones. B—lings cox(f;oportion;; HR
Gustafsson et al W G 8 GO EIG EFoIs IVC diameter (mm): NT—;rg)IIISsl:?P aﬁg?\? f>unc’tion
’ 104 Score: > 3 B-lines in one zone. Not assessed NT-proBNP: 1820 £ 1000 ’ . _
(2015) [47] o Bmoe s o 18 +4 B-lines > 3 (HR 2.9 (1.3-6.6), p =
s 0.11, HR 3.5 (1.5-7.9), 0.003; Age
: > 72 HR 0.3 (0.2-0.8), p = 14; EF
<40% HR 0.7 (0.3-1.6) p = 0.70;
NT-proBNP HR 3.5 (1.5-8.5) p =
0.005
Crackles: 40 (11.7%) Outcome: (Composite of
Assessed on 28 chest zones JVP: 55 (16.1%) NT-ProBNP JVD RATIO mediana: 5.3 all-cause n;ortalit or heart
Pellicori et al. 342 Method: count ’ peripheral edema: 103 HFrEF: 1494 (684-3502)  TAPSE (mm) mediana: 19 failure hos italiyz ation)
(2019) [48] B—lines' (>14) ’ (30.1%) HFmrEF: 1330 (382-2881) E/e’ lat: mediana: 11 B-lines-HR: 11.) 02 (1.01_1.0'3);
No signs of congestion: HFpEF: 1100 (354-1994) IVC diameter (cm): 2.0 Chi2: 26.3; p < 0.001

205 (59.9%)
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6. Prognostic Role of Chest Ultrasound

A high number of B-lines at the time of discharge from a hospitalization for AHF or in
ambulatory patients with CHF identifies those at high risk of subsequent HF readmissions
or death in observational studies [42].

Over the years, several studies have been conducted in order to establish the effective-
ness of B-lines in the prognostic evaluation of patients with HE. Gustafsson et al., found
that a high number of B-lines assessed by a five-zone method adjusted for age, systolic
function, and NT-proBNP identified an increased the risk of death or hospitalization after
6-month follow-up [47].

Gargani et al. [40] showed that patients with persistent sonographic pulmonary conges-
tion have an increased risk for rehospitalization for HF in the next 6 months. Patients with
<15 B-lines before discharge presented a very low risk of rehospitalization. Platz et al. [44]
reported that ambulatory HF patients >3 B-lines in eight chest zones were at higher risk
for HF hospitalization or death over follow-up period of 180 days. Additionally, Coiro et al.
showed that in AHF patients LUS examination together with NYHA class and baseline
log-BNP was capable of identifying patients with higher risk for rehospitalization [41].
A cutoff >30 B-lines at discharge was a very powerful predictor of post-discharge out-
come in terms of risk of death, HF hospitalization, and the combined endpoint during
3-month follow-up. Compared with >15 B-lines at discharge, Coiro et al. proposed >30
B-lines at discharge as the best B-line predictor of outcome, assessed by multivariate analy-
sis [41]. Similarly, Cogliati et al. found that a 1-point increase in the ultrasound score of
the B-lines was associated with an approximately 24% adverse event risk increase within
100 days [45]. Current findings highlight the importance of assessing subclinical pul-
monary congestion as a potential reason to modify treatment and to reduce the risk of HF
hospitalization [40-42,44,45].

In our previous study [46], we identified that a cutoff point of >22 B-lines at discharge
did not show significant differences between patients with HFrEF and HFpEF. These thresh-
old differences may have been a result of the time frame of the scan and the effective type
of HF congestion that appeared during examination and the start of treatment. Therefore,
some associated diseases and comorbidities may affect B-line count. We demonstrated that
patients with increased body mass index (BMI) experienced a lower cutoff value compared
with those with normal weight [46]. Other situations potentially influencing LUS exam-
ination are contemporary presence of pneumonia, interstitial lung disease, or cachectic
status with low plasma protein level, in which B-line count could be misinterpreted and
overestimated. Thus, although the comet count is a good parameter to estimate the con-
gestion situation [39,41,42], LUS must be contextualized in each specific patient situation.
According to current assumptions, it would be useful to outline different profiles based
on the variations of B-lines in each patient, evaluating the number of comets at admission,
during hospitalization, and at discharge. Establishing a precise timing would also allow
better standardization of the scores. Interestingly, a low B-line number is relevant in order
to rule out HF diagnosis and congestion: a number <5 B-lines can be a good negative
predictor of the presence of pulmonary congestion [40]. However, the opposite is not true.

7. Relevance of Lung Ultrasound in Different Settings

B-LINES IN PRIMARY CARE—Early diagnosis of HF can reduce the number of
hospitalizations with related consequences on quality of life and risk. An early diagnosis
could be performed in the setting’s general population by a specific diagnostic screening,
including clinical assessment and rapid ultrasound chest and abdominal scan. Indeed, in
primary care (PC), HF diagnosis by simple check-up is difficult because of the symptoms’
non-specificity and the late onset of clinical signs of congestion. For this reason, LUS can
be an additive, easy, and rapid method for ruling-in patients with a new diagnosis of HF.
A recent study evaluating LUS in primary care showed that the evaluation of B-lines in
anterior, lateral, and posterior areas demonstrated a positive predictive value (92%) to
accurately rule-in HF patients [49]. Associating this value with the negative predictive



Diagnostics 2021, 11, 1306

9of 14

value of NPs can significantly reduce the diagnostic delay that may lead to treatment delay.
Considering that the availability of the NPs assay is not always guaranteed in PC clinics,
LUS appears an alternative tool for physicians, and its application may be extended for
initial screening of the general population.

B-LINES IN CHF OUTPATIENTS—Since almost 90% of HF recurrence is related to
congestion, the presence of pulmonary congestion may identify patients with high risk of
HF hospitalization and death [44]. For this reason, lung congestion quantification permits
a better stratification of risk in chronic HF patients and can permit the appropriate control
and management of CHF patients at follow-up. A recent study including 577 patients
showed the importance of B-line count as an independent prognostic factor. Quantifying
B-line number in quartiles identifies patients at high risk—in particular, a high number of B-
lines identified patients with a 2.6 x increased risk of death and rehospitalization [50]. Like
PC, outpatients who are followed-up with LUS can achieve a relevant improvement of prog-
nostic stratification by a tailored treatment focused on decongestive therapy optimization
that is LUS-guided.

B-LINES AS GUIDE FOR TREATMENT—Treatment with diuretics—in particular, loop
diuretics—in patients with HF plays an important role in reducing pulmonary congestion.
Because LUS reflects the dynamic variation in pulmonary water content, a serial and
repetitive screening could be of relevance in both acute HF and chronic HF patients prone to
multiple rehospitalization (Frequent Flyers). Assessment and quantification of pulmonary
congestion may help to guide treatment in patients with HF and help to improve their
prognosis [51]. Rivas-Lasarte et al. conducted a case-control study, considering 123 patients,
divided in a LUS group and a control group. A LUS-guided diuretic therapy titration was
performed in the former [52]. Considering hospitalization for worsening HF and all-cause
death as primary end points, this study showed a reduced number of decompensations in
the LUS group versus an increase of number of urgent visits for those with decompensated
HF in control group. Accordingly, another report, found significant improvement of
walking capacity observed by the 6 min test in patients monitored by LUS [53]. Diuretic
tailoring of dose by a guided-LUS approach can significantly reduce the episodes of HF
decompensation, avoiding redundant hospitalization with improvement of quality of life
together with diuretic titration optimization.

8. Current GAPS and Potential Applications

Despite the elevated sensitivity of B-line findings in pulmonary congestion assessment,
B-line number could change when patients assume different positions: the traditional
position for LUS acquisition is a semi-supine standing that allows both the posterior and
anterior chest zones to be viewed. This is not always possible in patients with acute
dyspnea who cannot assume such a forced position. Another weakness is related to
the exam specificity: B-line occurrences are not only proper for use in HF, but they are
relevant for use in several pulmonary disease, such as pulmonary fibrosis and COPD,
acute respiratory distress syndrome (ARDS) and interstitial pneumonia [40]. A recent
new application of chest ultrasound scan has been proposed in COVID-19 patients in
order recognize the side and extent of pulmonary infection. Some regions adopted the
pulmonary scan for SARS-CoV patient screening and hospitalization decisions. Moreover,
in hospitalized patients, the chest scan became an additional tool alongside CRx for chest
tomography. However, in these patients, B-lines demonstrated specific characteristics;
being mainly located in the subpleural area, the diagnostic differentiation of patients with
suspected HF is complex, and it requires additional laboratory and imaging tools [54].
Other concerns are related to BMI. Because higher BMI is associated with more thoracic
sub-cutaneous adipose tissue and greater distance between the probe and pleural line,
the correct B-lines identification during chest examination can be difficult, and it could
result in underestimation. Similar to the NPs, B-line counts tend to decline with increasing
BMI [48]. A more universal approach should be recommended; indeed, published research
has applied various methodologies with different scan windows and chest areas. This
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differentiation led to a lack of uniformity and results discrepancies, creating confusion for
clinicians and resulting in diagnostic algorithms that are not standardized.

Current weakness may be bypassed using an integrated approach that includes differ-
ent imaging tools. As reported in a recent study, B-line analysis together with BNP and cava
vein distention lead to a more accurate diagnosis and better risk stratification [48]. Current
ESC guidelines do not recommend the contemporary use of LUS and inferior cava vein
(IVC) diameter for the assessment of volume status; conversely, a toolbox for congestion
determination should comprise LUS, central congestion evaluation by echocardiographic
assessment, and vascular ultrasound analysis. Recently, some papers have suggested the
application of a complete ultrasound score, including a detailed analysis of echo parame-
ters for non-invasive estimation: E/e’ is a good mirror of increased left ventricular filling
pressure, tricuspid regurgitation is closely related to invasive measurement of systolic pul-
monary pressure, integral velocity time of pulmonary flow is related to mean pulmonary
artery pressure, and cava vein diameter is a good marker of central vein pressure [55,56].
Thus, the contemporary measurement of all these variables may better define the effective
central and peripheral congestion for each patient affected by HF (Figure 2) [34].

B lines > 14

E/e' > 14

TR > 2.9 cm/sec

O
=
)
=
T
o
= i
)
L

IVC diameter > 21mm

Figure 2. Echographic findings in HF.

Although this diagnostic algorithm may reduce misdiagnosis and the number of false
positives, it is only partially applicable in the emergency setting and in ambulatory patients
because it requires a specific experience and cardiology competence.

9. Conclusions

Clinical congestion plays a central role in HF exacerbation and in its detection during
early-phase avoidance of recurrent hospitalization and functional deterioration. Thus,
congestion detection before HF-related symptom occurrence remains a goal for clinical
management. Typically, clinical assessment mainly reveals peripheral water retention
and increased central venous signs, but it is less specific in the detection of pulmonary
congestion. Similarly, the traditional CRx has good accuracy in AHF and in more advanced
stages, but it is less accurate in chronic settings. In this framework, LUS demonstrated
optimal diagnostic power and good prognostic relevance. Some gaps remain with regard
to the different methods and applications as well as to the diagnostic cutoff capable of
ruling-in an HF diagnosis. The contemporary assessment of some echocardiographic
findings of congestion with B-line assessment may facilitate HF diagnosis and monitoring.
The future challenge is to recognize the best available imaging variables of congestion and
to apply a standardized algorithm in clinical practice.
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AHF Acute Heart Failure

ARDS  Acute Respiratory Distress Syndrome

BNP Brain Natriuretic Peptide

CHF Chronic Heart Failure

COPD  Chronic Obstructive Pulmonary Disease
CRX Chest X-ray

HF Heart Failure

HFpEF  Heart Failure with Preserved Ejection Fraction
HFrEF  Heart Failure with Reduced Ejection Fraction
IvC Inferior Cava Vein (IVC)
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